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Manufacture of Western Union 
Type 202 Polar Relay 


In mug January 1952 issue of the West- 
em Union Tecuxicat Review, an article 
by W. D. Cannon and T. Rystedt titled 
“An Improved Polar Telegraph Relay” 
described a new relay designed and de- 
veloped by Western Union engineers 
which was then at the prototype model 
stage. This article gave a full technical 
description of the relay, its construction, 
characteristics, and design objectives that 
would provide for improved performance, 
dependability and long maintenance-free 
operation, together with low cost manu- 
facture, 
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‘The many thousands of these relays that 
have been placed in service during the 
past four years show that these objectives 
were well met. Reports of relays with 
over a billion operations between read- 
justment are not unusual 

In October 1952, Automatic Electric 
Company arranged with the Western 
Union Telegraph Company to tool up and 
produce this new design. Designated the 
Type 202 Polar Relay, the device that 
went into production was, generally 
speaking, the one described in the Can- 
non and Rystedt article. A major im- 
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provement, however, was in the method of 
securing the armature reed by silver 
brazing, as illustrated. The primary sub- 
ject in this paper, however, is the manu- 
facturing processes employed, including 
quality control procedures. 


the relay will remain stable over a long 
period of time. The cover is molded from 
2 powder with a rubber filler. This gives 
resiliency and acts as a noise deadener to 
prevent transmission of the buzzing sound 
from the relay contacts. The plug portion 


Telegraph apparatus employed in Western Union operations usually is, designed in the 
companys own re development and engineering laboratories but i manufactured, 
as a rule, by established electrical equipment suppliers, Polar relay rype 202, which iS 
replacing type 17-B and other older relays by the thousands, is juse such an item. 


Quality control procedures are important from procurement of materials through fabri- 
‘ation processes to final inspection. While soundacss of design is, of course, a primary 


Fequirement, production of superior telegraph component such as the 202 relay is the 
concerned i 


sul of coordinated ifort by everyone 
fo the manufacturing and 
‘are more or less typical of 


modern communications equipment make an interesting and 


In the design of the Type 202, every 
precaution was taken to make the paris 
simple and to eliminate adjustments 
wherever possible, particularly those hav- 
ing to do with routine maintenance. It 
might seem at first that this would permit 
relaxation of tolerances and simplification 
of tooling and manufacturing procedures. 
Just the contrary is true, however, Parts 
that cannot be adjusted must be designed 
and built to such tolerances that any part 
falling within those tolerances will prop- 
erly perform the desired function. The at 
tainment of this objective requires close 
coordination between design engineering 
and manufacturing engineering, together 
with all phases of material specification, 
manufacturing processes, tooling and 
quality control. This close coordination 
was readily achieved in the case of the 
Type 202, and satisfactory relays were 
being produced six months after the start 
of the project. 


One of the basic steps in turning out a 
quality product is careful specification of 
the materials and commercial parts that 
go into the product. For example, the 
three molded parts of this polar relay are 
produced from different molding powders. 
The base, which is the structural backbone 
of the relay, is made from a mineral-filled 
powder. This imparts high dimensional 
stability to assure that the adjustment of 
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‘pincers. Techniques of production of this relay which 
af thoes rered ia manana of ve 


‘he telegraph company’s 
formative story. 


of the base, which carries the banana 
pins, is molded from a compound having 
both wood-flour and mineral filler which 
gives strength as well as resiliency. 

The laminations of the core assembly 
are made from a low-core-loss silicon iron 
to reduce loss of electrical energy in the 
core, and to maintain the over-all effi- 
ciency of the relay. Likewise, the arma- 
ture bar is made from a 
which has higher permeabili 
nary magnetic iron, The armature reed is 
blanked from an 18-8 stainless steel strip 
of controlled hardness, since the stiffness 
of this member has a direct effect on the 
operating characteristics of the relay. The 
tungsten carbide chosen for the contacts 
is a formulation which assures the desired 
characteristic hardness and wear re- 
sistance available in tungsten carbide. 
This also provides resistance to metal 
transfer under arcing conditions, and suffi- 
cient toughness or impact strength to 
resist fracture under high operating 
speeds. 

The copper wire used in the coils is a 
“Formex” wire insulated with a coating of 
polyvinyl acetal. This gives superior in- 
sulation and heat resistance, toughness 
and resistance to abrasion. The insulating 
tape used to separate the windings in the 
coil furnishes excellent insulation resist- 
ance not only for the high temperatures 
encountered in continuous relay oper: 
tion, but for high humidity conditions as 
well. 
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Quality Control 


Proper specification of purchased mate- 
rials and parts must then be followed by 
careful inspection of incoming materials, 
supplemented by laboratory tests where 
indicated. It is Automatic Electrie Com- 
pany practice to specify raw material re- 
quirements by description and specifica- 
tion number on the piece part print. These 
are prepared by Automatic Electric en- 
gineers and, in general, follow S.AE. or 
ASTM. specifications, but may be more 
exacting or detailed in certain respects. 
‘The scope of the tests to be run on any 
given lot of material is covered by stand- 
ing inspection procedures issued by the 
quality control department. These pro- 


Functional components of Type 202-4 reley 


cedures apply the principles of statistical 
quality control. Wherever a material or 
part is of a critical nature, a special inspec- 
tion procedure is written to insure that 
the desired qualifications will te met. The 
quality control department has at its dis- 
posal a well-equipped laboratory with 
facilities for making all needed chemical 
or physical tests. 

‘The manufacture of this Type 202 Polar 
Relay involves a wide variety of fabricat- 
ing techniques and processes. Sheet metal 
Parts such as the coil laminations, contact 
springs, armature reed and reed support 
are perforated and blanked in high-speed 
punch presses from strip stock. Secondary 
forming operations are accomplished in 
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presses where the operator places a blank 
in the nest of a die from which it is auto- 
matically air-ejected after forming, 

Several of the parts, such as the pole 
piece, the armature bar and the contact 
supports are not suited to punch-press 
operations because of the thickness of the 
material or the finish desired. These parts 
are therefore machined by milling. By 
careful selection of cutter speeds and 
feeds, correct finishes are obtained with 
essential dimensions held to close toler- 
ances, Holes required in these parts are 
drilled rather than perforated and the 
tapping is done in air-operated tapping 
machines. 

Grinding or sanding is used on several 
parts either because of the hardness of 

the material to be re- 
moved or the type of sur- 
face desired. For example, 
the lamination assembly 
is made by riveting to- 
gether nine laminations 
and subsequently furnace- 
annealing the complete a: 
sembly. Since the result- 
ing surface adjacent to 
the armature bar may be 
somewhat rough, grinding 
is used to eliminate slight 
irregularities and produce 
a smooth surface without 
burrs. After the contacts 
are brazed to the arma- 
ture bar, the tungsten 
carbide contacts of the 
armature assembly are 
ground to the desired dimension and 
finish, 

The molded relay base and subbase are 
sanded to remove flash, and to produce a 
perfectly flat surface that will eliminate 
any distortion in assembly. The molded 
parts of the relay are made from thermo- 
setting phenolics either directly from 
powders in compression molds or from 
preformed “biscuits” in transfer molds. 
In compression molding, the powder is 
heated and compressed in the mold cavity 
itself, whereas in transfer molding a pre- 
heated biscuit is brought to a plastic con- 
dition in a separate chamber and is then 
forced into the mold cavity. In either case 
curing is accomplished by a combination 
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of temperature, time and pressure so that 
these three variables are accurately 
controlled. 

‘The relay coils have four independent 
windings each and, because of the limited 
space available, the wall thickness of the 
spool frames must be kept to a minimum, 
The spool heads of the spool frame are 
perforated and blanked from sheet fibre 
and the core is made from spiral wound 
fibre tubing. The heads are locked to the 
tube by a mechanical crimp and then are 
cemented in place. The coil windings are 
applied individually and are insulated 
from each other with a temperature 
resistant tape. The lead-out wires are 
brought out along the edge of the spool 
head and are also insulated with tape, 
After the last winding is applied, each of 
the eight lead-out wires is spliced to a 
plastic insulated connecting wire, and 
each splice is individually tape-insulated 
before application of the final hold-down 
tape and coil cover. 

Inspection of the coils includes tests for 
resistance, short-circuited turns, and a 
1000-volt breakdown test between wind- 
ings. When the coils are slipped onto the 
laminated core they are also tested for 
breakdown to the core. 


Brazing Contacts and Armature Parts 


Copper brazing in a hydrogen atmos- 
phere furnace is used in the fabrication of 


Tension testing serer to 
“decoction 
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the contact assemblies. The armature bi 
is placed in a fixture which properly pos 
tions the tombstone-shaped, sintered tung- 
sten carbide contacts in the notches 
milled in the ends of the bar. A thin sheet 
of copper between the contact and the bar 
melts at a temperature in excess of 2000 
degrees. A slight reducing atmosphere is 
maintained so that oxides do not form and 
the molten copper adheres readily to the 
parts to be brazed. Incidental to this proc- 
ess, the nickel iron bar is thoroughly 
annealed to bring out its optimum mag- 
netic properties. In a similar manner the 
round mating contacts are copper brazed 
to a stainless steel backing having welding 
projections on the outside, After brazing, 
this assembly is projection-welded to the 
stainless steel support spring. In this op- 
eration, heat must be kept to a minimum 
to prevent annealing or the spring will 
lose its temper. 

All screws are case hardened to prevent 
burring of the heads. This is done by im- 
mersing them for a predetermined period 
in a molten bath of cyanide and then 
quenching in water. 

Parts which are not inherently corro- 
sion resistant are either electroplated or 
parkerized by conventional means, Limit- 
ing thicknesses of plating are specified in 
milligrams per square inch, and quality 
control checks involve accurate weighing 
of parts after plating and then after strip- 
ping off all plating. The difference in milli- 
grams is divided by the total number of 
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square inches of computed surface area of 
the part. 

‘The banana-pin assemblies used to ex- 
tend connections to the mating socket are 
fitted together by placing two press- 
formed stainless steel springs over a pro- 
jection on the end of the turned stud and 
riveting over this projection. The dimen- 
sions of these springs are carefully con- 
trolled to insure proper contact pressure 
with the mating socket. 

Silver brazing is used to fasten the 
armature reed to the armature bar. The 
parts are supported in a jig and the junc- 
ture of the two parts is heated with an 
acetylene torch. Flux and silver solder in 
wire form are hand fed by the operator. 
In a like manner, the opposite end of the 
reed is brazed to the armature support 
bracket in a jig which locates the arma- 
ture bar in relation to the supporting sur- 
face of the bracket, 

In the fabricating departments each 
new setup requires the approval of quality 
control inspection before the job can be 
run. Floor inspectors spot-check jobs in 
progress and shut down any operation 
that is not up to standard. When a given 
job lot is completed and ready for transfer 
to stock or to another department, it must 
bbe checked and approved by the inspector 
before it can be moved. 

The final assembly of the relay starts 
with the several subassemblies. The 
banana pins, washers and nuts are assem- 
bled to the molded plug in a holding fix- 
ture which supports the banana pins 
while the nuts are run down with an elec- 
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tric driver set to a predetermined torque, 
The coils are fixed in pairs to the legs of 
the lamination assemblies and splices are 
made between coil leads. 

‘The Alnico III cast magnet, which is 
stocked in an uncharged condition, is 
fully magnetized and a flux reading is 
taken. Since this reading is always con- 
siderably higher than that desired for 
‘optimum operation, the magnet is then 
partially demagnetized on an alternating- 
current electromagnet with variable volt- 
age supply. By varying the time and the 
input voltage a skilled operator readily 
demagnetizes the magnet until it falls 
within the desired flux range. 


Final Assembly 


The first step in the final assembly of 
the relay is mounting the pole piece and 
contact spring supports to the molded 
relay base. A layer of cement is applied to 
these parts before assembly to insure that 
they will remain in place after assembly 
of the relay and thereby prevent change 
in adjustment. The assembly fixture in- 
sures proper alignment of the parts in 
relation to the molded base and to each 
other. At this point the permanent magnet 
is placed in position, after first insuring 
that the ground surfaces make proper 
contact with both the core assembly and 
the pole pieces. 

The next subassembly to be added is 
the lamination assembly carrying the two 
coils. The gap between the lamination 
assemblies and the pole piece is critical, 
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and this gap is set to a gauge in a special 
fixture before the core assembly screws 
are tightened. The operator checks the 
gap setting with a “go” and “no go” gauge 
after tightening the screws. The contact 
spring assemblies are now attached to the 
contact block, and the adjusting and lock- 
ing screws are inserted. 

‘The next operation is the wiring and 
soldering of the plug subassembly to the 
coil leads and contact supports. When this 
wiring has been completed and inspected 
the two parts of the relay are screwed 
together. Lockwashers are used to pre- 
vent loosening of fastenings wherever 
they can be applied, and elsewhere a 
Glyptal cement is used. 

‘The armature subassembly is attached 
to the pole piece without completely 
tightening the screws. The relay is 
checked out by an inspector at this point 
and passes on to an adjuster. 


Adjustment and Testing 


‘The adjuster first positions the arma- 
ture bar in relation to the core assembly 
using nonmagnetic feeler gauges. The 
armature support bracket is then care- 
fully screwed down without applying any 
bias to the armature reed. The two adjust- 
able contacts are brought up to proper 
position in relation to the armature bar. 
Special paper gauges are used between 
the contacts so as not to leave any metal 
residue on the tungsten carbide, and the 


s 
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relay is now ready for electrical test and 
final adjustment. 4 

The next adjuster follows a test pro- 
cedure set up by the quality control de- |) 
partment for use with the special equip- 
ment designed and constructed for this 
purpose. The relay is tested and adjusted 
where necessary to insure that it centers 
properly and has the desired banking 
force on each side. It must show at least 
80-percent efficiency when operated with 
a 60-cycle sine wave input, This is deter- 
mined by measuring the ratio of the time 
the contacts are in motion, to the time 
that they are on contact. These tests are 
run for each of the four sets of windings 
and in each case specified minimum limits 
—limits which are more rigid than those 
at the inspection position—must be met. 

The adjuster now puts a cover on the 
relay to prevent any change in adjust- 
ment due to handling, and to keep out | 
dirt. 

‘After adjusting is complete all perma- 
nent fastenings are locked in place wi 
Glyptal cement and a manufacturer's 
decal is applied 

The final inspector, who performs the 
same tests as the adjuster, applies a 1000- 
volt breakdown test between all electrical 
circuits, checks all gauging and gives the 
relay a complete visual inspection. It is 
then stamped by the inspector to show 
that it is complete and ready for customer | 
inspection and shipping. 

In this article emphasis has been placed | 
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on the many inspections required to in- 
Sure that high quality standards have 
been maintained at all steps of manufac- 
ture. It goes without saying, however, that 
ho amount of inspection builds quality 
Into a product, Quality is the result of a 


coordinated effort by everyone concerned 
from the machine operator and assembler 
up to the design and manufacturing engi- 
neers and production supervisors, and is 
best summed up as “manufacturing know- 
how.” 


T. Frank Cassidy, Jr., manager, Subscriber's 


Station Apparatus, Automatic Electric Company, was 


born in Connecticut and received an N 
Rensselaer Polytechnic Institute in 1928. 


E. degree from 
le was employed 


by the Gray Telephone Paystation Company (later the 
Gray Manufacturing Company) until 1948 when he trans- 
ferred to Automatic Electric Company when that company 
bought the telephone paystation business. While with the 
Gray company, Mr. Cassidy held positions in the engineer- 
ing, quality control, production and sales organizations, 
and as plant manager put into production numerous 
items including switchboards and other communication 
devices for the Army Signal Corps and air-borne radar 
equipment for the U. S. Air Force and the U. S. Navy. He 
is a member of the ASME and past chairman of the Hartford 


section. 


More Telegraph Automation for U.A.L. 


A new telegraph switching center, one of 
six on a 30,000-mile private wire network 
which United Air Lines leases from Western 
Union, is in operation at United's new $6 
million terminal at Idlewild Airport, New 
York. Similar installations at Chicago, Den- 
ver, Seattle, San Francisco and Los Angeles 
serve the U.A.L. 80-city system to make pos- 
sible minute-to-minute reports on the status 
of all 270 daily Mainliner flights. 

‘The New York center employs a master- 
message transmission device, enabling an 
operator to contact all stations or any com- 
bination of stations merely by pressing but- 
tons, United Air Lines’ private wire network 
is one of the largest and most modern in 
commercial use, It carries more than 3,000,000 
messages monthly, with daily traffic estimated 
ät 2,500,000 words, for 250 United offices coast 
to coast, 
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Corrosion, A Versatile Vandal 


Connoston probably suggests green 
encrusted copper line wire, rusted bolts, 
blistered paint, and other obvious evi- 
dence that all are accustomed to seeing, 
mainly in outside plant installations. The 
forces of corrosion are impartial, and 
industrial organizations which are not 
troubled by corrosion problems directly or 
indirectly are truly exceptional. The out- 
side plant naturally accounts for the major 
portion, with its vast network of wire and 
cable, both aerial and underground, and 
the necessary accessory equipment and 
hardware, Much of this is a familiar sight 
to those who have used glass insulators as 
targets, or who have travelled by train, 
noting, with rhythmically undulating 
optics, the spans of green wire supported 
by the rows of poles. 

‘This corrosion, however, is not news 
any more than the brown or green stains 
in the kitchen sink, or the rusty chrome 
plate on automobiles, and the basic 
theories, diagnoses, treatments, and pre- 
ventative measures are fairly well known. 
All these are deliberately omitted from 
this discussion in favor of some of the 
special cases and circumstances which so 
often require that theories be revised to 
fit the facts. When these special problems 
are brought to the laboratory the investi- 
gation is anything but routine, since the 
request for chemical examination usually 
includes not only what might be called 
diagnostic analysis, but identification of 
‘the person or persons responsible, and 
hypothesis as to what aberration existed 
in his mind to impell him to commit such 
a blunder anyway. There is absolutely no 
intention here to be recriminative, and 
personalities and locations are omitted. 
‘These things can happen anywhere and 

Ilustrations by James J. Benson. Senior 

Engineering Anian, Physical and Chemical 
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i 
to anyone and the whole point of this is | 
to warn against reaching for an easy or 
hasty conclusion. f 


Beware of Chlorides | 


There have been many cases of corro. | 
sion of complicated equipment shortly 
after assembling or after routine cleaning | 
and oiling, and analysis has shown many 
of these to be due to chlorides. Now it is | 
unwise to assume that the corrosion of | 
the equipment referred to took place on | 
a beach with a brisk on-shore breeze, | 
although it is surprising how far air cur- 
rents will carry tiny salt erystals inland | 
from the ocean, i 
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Chlorinated hydrocarbons such as car- 
bon tetrachloride are commonly used, 
however, for cleaning equipment and 
parts. The proper solvents must be 
selected for specific cleaning problems | 
because under special circumstances and 
in presence of damp air some of these 
solvents are subject to very slight decom- 
position with formation of traces of 
hydrochloric acid, whose corrosiveness is | 
unquestioned. The cleaning operation will | 
give all indications of having been success- 
ful until a few days later when a bearing 
or pivot will freeze due to corrosion. This | 
is particularly common when equipment 
has been cleaned in muggy summer 
weather and not thoroughly and promptly 
dried. In this case the bearing holds the 
solvent almost like a bottle with a loose- 
Ētting stopper and moist air has time to 
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work on the solvent to form acid. Also 
leaving such solvents in open pans or trays 
in contact with moist air is likely to cause 
the solvent to become corrosive. 

Carbon tetrachloride is one of the more 
susceptible solvents to this kind of action 
and although it has rather generally been 
replaced by other much more stable 
relatives, it is still used occasionally and 
without regard to the necessity for prompt 
evaporation of any excess. Many small fire 
extinguishers which are loaded with car- 
bon tetrachloride have become obstructed 
by corrosion in the delivery nozzle and the 
tube due to failure to shake out the liquid 
from this tube after testing and refilling. 
In a very dry location this is not so 
important, but in damp spots trouble is to 
be expected. 

Here is a case that happened only once 
in our experience. The equipment in a 
small telegraph office had been behaving 
quite normally for some time and then 
showed noticeable corrosion that devel- 
oped within a few weeks. It was chlorides 
all right, but no soldering (with corrosive 
flux) or cleaning had been done. Fur- 
thermore, other metals and hardware also 
were affected. It was only after the search 
was extended that it was learned that the 
dry-cleaning and pressing ‘establishment 
next door had recently discontinued con- 
ventional cleaners’ naptha in favor of 
carbon tetrachloride! It should be re- 
peated that for most cleaning operations 


other more stable chlorinated hydrocar- 
bons such as trichlorethane are in general 
use and are substantially free from this 
corrosive tendency. 


Solder Flux Can Cause Trouble 


‘There are also frequent cases of corro- 
sion adjaeent to soldered joints and here, 
although it is again due to chlorides, the 
offender is the soldering flux. It is surpris- 
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ing how often a No. 30 wire will corrode 
through and break because, even though 
the solderer had obeyed instructions 
implicitly and used no flux other than 
pure rosin, the iron had just previously 
been used with another flux by someone 
else. Even when there is no failure of the 
wires, many elaborately wired devices 
have lost electrical balance and become 
useless when exposed to a day of high 
humidity which caused the residual solder 
flux (not rosin) to become conductive, 


Of course, it is not always chlorides that 
are responsible for corrosion of telegraph 
equipment and there are times when 
materials must be replaced by other com- 
positions when some corrosive condition 
must be accepted. In a tobacco-curing 
warehouse, for example, tarnish of elec- 
trical signalling equipment was found to 
be due to alkaline atmosphere and the 
usual materials that withstand the more 
normal slightly acid conditions did not 
adequately resist alkaline attack. 

In a meat-packing plant equipped with 
telegraphic alarm circuits, certain special 
watchmen’s key die castings corroded 
while other similar ones did not. A difer- 
ence in the metal alloys was found which 
caused some of them to be affected by the 
fats which were of course distributed 
throughout the plant, a situation which 
required that a specification for die cast- 
ings be revised to outlaw the susceptible 
alloys. 

When a report was made that someone 
had spilled black paint that dripped on a 
wall-mounted switch panel the cure was 
to move the panel because the “paint” 
turned out to be a highly acid sooty con- 
densate from a furnace chimney which 
had developed a crack near the base. 


corrosion 
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Obvious Suspect Not Real Offender 


‘There have been instances of corrosion 
where the explanation borders on being 
fantastic, but they were nevertheless very 
real, indeed. A piece of corroded lead- 
sheathed underground cable was sent in 
for analysis from a West Coast point. The 
‘encrusted corrosion products were chlor- 
ides, but when the chemist’s report sug- 
gested that sea water may have been 
responsible the reply was made that this 
could not be possible because the cable 
ran through a cinder bed under a railway 
siding, hundreds of feet above sea level, 
and served a textile manufacturing com- 
pany’s plant and offices. Obviously, then, 
it seemed corrosion should have been due 
to sulphates from the cinders rather than 
chlorides and the salt-water analysis was 
viewed with considerable scepticism, until 
it was learned that the previous tenant of 
the building was an ice cream manufac- 
turer who had used great quantities of 
salt and brine which impregnated the 
ground area, 

Now here is another situation that 
could happen again, and perhaps even 
frequently. A pneumatic tube installation 
connecting a Western Union telegraph 
office with an adjacent bank building had 
given no trouble for some years, but sud- 
denly failed in the middle of a spell of hot, 
humid weather. When the tube line was 
taken out it was found that a curved sec- 
tion of the tube was made of steel and had 
rusted so badly that the carriers were 


A chemical analysis was made and it 
was a bit startling to find absolutely 
nothing of an unusual chemical nature 
that could explain the corrosion—just 
plain rust. Since this kind of answer is not 
accepted in the telegraph company’s 
chemical laboratory, further investigation 
was done. The answer was extremely 
simple, The offender was distilled water. 


s 
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The bank had just installed a new and 
highly efficient air-conditioning system 
and as the hot, moist air in the tube 
reached the cool section in the bank, pre. 
cipitation occurred which had very little 
effect on the copper tubes but plenty on 
the steel section. 


“The Case of the Falling Ceiling” | 

Another example of unexpected corro- 
sion occurred in a small building con- 
structed for use as a Western Union office 
in a city near the ocean, This building was 
constructed of reinforced concrete and 
everyone was very happy about it for 
some years. Hairline cracks then devel- 
oped in the ceilings and became progres- 
sively worse. Finally, pieces of concrete 
loosened and occasionally fell, constituting 
not only a nuisance but a hazard, since 
the concrete pieces were obviously break- 
ing away from the steel reinforcing rods 
which were very badly rusted and, 
blistered. 

This called for chemical examination 
and it was established that the builder had | 
taken a short cut and used sand from a 
nearby salt-water beach instead of proper 
building sand and the combination of salt 
and constant humidity caused disintegra- 
tion of the steel rods. The cure for this 
was strictly mechanical, not chemical. 

An interesting case of blistered paint 
occurred in the case of some isolated 
power stations where metal fireproof 
doors were installed at the entrance to the 
small furnace rooms that housed oil- 
burners. When the paint on the doors 
started to blister it certainly appeared that 
the difficulty arose from an acid condition 
either from the oil fumes or from the 
cinder block of which the walls were 
constructed. 

Chemical tests showed sulfates and an 
acid condition at the blisters but two | 
peculiarities were noted. Other painted | 
metal parts nearby were not blistered and 
when the blistered paint from the doors 
was carefully scraped off the metal was 
clean, free from rust, and showed one or | 
more tiny pinholes near the center of the | 
blistered area. A panel was removed from 
the door and then it was apparent that 
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the door was corroding from the inside 
through to the outside. The answer was 
that the airspace within the doors had 
been filled with a blast furnace slag which 
was acidic, and with the help of atmos- 
pherie moisture was simply eating its way 
through the metal. 


Almost always an explanation can be 
found for corrosion no matter how fan- 
tastic it may appear at first but one case 
will forever remain a mystery. A metal 
conduit was installed carrying a circuit 
into a silk textile mill, ‘and gave no 
trouble for several years. Then a failure 
which occurred in the circuit was traced 
to a point in the conduit underground 
several feet from where it entered the 
mill, A badly corroded and eaten-through 
section was uncovered, cut out, and sent 
in for examination. On either side of the 
corroded area the conduit was in good 
condition, showing a very local deteriora- 
tion, Chemical tests established a very 
strong acid condition but no chlorides, 
sulfates, acetates or other common corro- 
sive materials were present. Instead, the 
culprit proved to be nitric acid but how it 
got there will never be known, 


Trouble is Not Always Present 


Now as a warning against premature 
assumptions, here are a few examples of 
a more special nature. 

In a tunnel, some lead sheathed cables 
acquired a heavy grey-white encrustation 
which is the usual appearance of the most 
common form of lead corrosion. Fortu- 
nately the encrustation was thick and an 
adequate sample of it could be taken 
without disturbing the cable. A surprising 
analytical finding was an absence of lead 
compounds. The deposit had developed 
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from ground water containing calcium 
salts that had dripped onto the cable and 
evaporated. Usually this causes corrosion 
of the lead sheath but in this instance it 
was fortunate that owing to favorable 
chemical conditions the cable was not 
affected. 

Several years ago a special and very 
complicated wiring installation was made 
and mounted on panels that were no 
closer than 18 inches to the floor. After 
only a few months of operation, which 
included hot summer weather, circuit 
trouble developed and  greenish-white 
deposits appeared on terminal lugs and 
ends of insulation, Chemical tests were 
made immediately and it was found that, 
first, there was practically no corrosion of 
lugs, solder, or conductors, and second, 
the deposits were sodium carbonate, a 
common ingredient of scouring powder. 
In addition there were found small 
particles of specific abrasive materials 
which are usual in scouring powders. 


‘The question as to how scouring powder 
got into the panels was not answered at 
once but, having positive identification, 
on investigation it was learned that after 
the cable forms had been assembled they 
‘were placed temporarily on the floor in a 
room that was serviced by an over- 
enthusiastic porter who sprinkled scour- 
ing powder about and then attacked it 
with a wet mop. The water splashed the 
powder on the forms and the sodium 
carbonate, being readily soluble, soaked 
into the ends of the insulation. On drying 
there was no evidence of any deleterious 
effect, but after repeated cycles of absorp- 
tion of water from the humid air and dry- 
ing out, the sodium carbonate concen- 
trated on the bare wire at the soldered 
terminals and finally accumulated to such 
an extent as to cause electrical leakage 
between terminals. This “corrosion prob- 
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Jem” was remediable by brushing off the 
deposits and spraying the cleaned areas 
with a water-proof lacquer to prevent fur- 
ther moisture from entering. 

Now for the final example which for- 
‘tunately happened only once. 

A section of lead-sheathed cable in a 
manhole was observed to have unusual 
corrosion deposits developing. There were 
the common greyish-white areas, and dark 
grey, and brown, all of which aroused no 
Particular alarm, but in addition there 
‘was a small area that was definitely red. 
In order to investigate this strange condi- 
tion a short section of cable was cut out, a 
new section inserted, the corroded piece 
was carefully packed in a wooden carton 


not to disturb the deposits, and was sent 
in to the Western Union laboratory for 
analysis. 

The red area was found to be a lead 
oxide, as expected, but in addition to lead 
oxide there was found dried linseed oil | 
and no corrosion of the sheath under- 
neath the spot. Who spilled the red lead 


ing part in an investigation, It is said with 
some merit that we should believe nothing 


ination often plays a reliable and reveal- | 
we hear and only half of what we see, | 


Bernard L. Kline received his degree of 


Chemical Engineer from Brooklyn Polytechnic Institute in 
1925 and was associated with Charles Hellmuth and 
Company, printing ink manufacturers, for a year before 
Joining the Western Union Engineering Department in 1926. 
He is Assistant to the Physical and Chemical Engineer and 
is the company’s head chemist. Besides extensive work on 
inks, Mr. Kline has been very active in the development of 
electrochemically sensitive coatings for facsimile recording 
papers and has had over 25 patents issued in this field. 
Researches on lacquer, resins, wood preservation, rust 
proofing, corrosion, wax compositions and detergents are 


included in his Western Union activities. Mr, Kline is a 
member of the American Chemical Society. 
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Fernand Emile d’ Hamy 


1873-1955 


IT is with profound regret that the Western Union TECHNICAL REVIEW 
records the passing of Fernand E. d'Humy whose foresight, inspired leadership 
tind able direction {n telegraph research and engineering led to so much of Western 
Union's technical progress, including establishment of this publication. 


y y 
Ik is difficule to rell briefly the story of a lifetime of accomplishment but 


these words from the published proceedings of The Newcomen Society of 
England, American Branch, are most significant: 


ncernacionally known and internationally respected, a pioneer in every sense of the 

ad ‘of extraordinary vision based upon a lifetime of experience, Me. d'Humy 
Combines scenic and technical al of a ighe order with a rave sen of spiriraal 
Undenstandiog. 


“Born in London, he came to this country as a youth ia 1888. He already had received 
rivate tuition in England, under the noted scientist, Sir William Varley; and in this country 
e pursued his technical education which finally led to the Massachusers Institute of 

Technology. 

“The writen-message communications art will forever be indebted to Mr. d'Humy for 
his exhaustive research and development work ia connection with three very important 
features chat will Agure coospicuously ia the Telegraph of the future. These are: the short- 
‘wave radio beam in lieu of poles and wires, the semi automatic fepeatering of telegrams ia 
Hew’ of manual operation, and perhapa greater than citer, the telelana devi for the 
transmission of intelligence in picture form. 

“It has not been our good fortune merely to have Fernand d'Humy the Engineer —it has 
been our greater fortune to have Fernand dHumy the Man. We in the telegraph busines: 
he Rave bec closely asocia with im over the years are gainers from tat association, 
Ta his genzony and warm endersanding. in his sympathetic approach tthe many problems 
he hay had to face—-we have found inspiratioa.” 


= = 


An award to be known as the F. E. d'Humy Medal has been established by 
‘The Western Union Telegraph Company in recognition and commemoration of 
the outstanding achievements of the late Mr. d’Humy. The medal, with an 
appropriate certificate and an honorarium of $500, will go to a Westera Union 
engineering, research, scientific or technical worker who has made a most 
significant contribution to the telegraph art. 
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DALE CANNON, Assistant to Radio Wire Transmission Engineer 


Delay Distortion Correction 


Imperfections in transmission circuit facilities cause signal distortion in which the pulse 
covtlopes may be Brodaned Spaced a cs Seat Simon 


‘The transmission attribute sought is 
flat within prescribed limits over the esen 


from a given circuit the problem is to increase delay in all sectors to approximate the hi 


igniscant delay value. Com 
‘Sserbeds withthe former 
‘with some types, amplitude 


The author discusses amplitude and envelope delay distortion variations with respect to 
frequency, and the development of a practical means of correction with specie 


reference 10 the envelope dela 
Review, Vol. 10, No. 1, of January 1: 


In racsmme and data transmission 
systems the signals are largely transient 
in nature and are usually in the form of 
a modulated wave for transmission pur- 
poses. The modulating signals may be in 
the form of isolated pulses, periodic waves 
or various other waveshapes depending 
upon the nature of the communication 
device or system. Modulated pulse enve- 
lopes are thus present in the transmission 
medium in various combinations of ampli- 
tude, duration, and relative positions. It 
is therefore necessary to consider the 
transient response characteristics of trans- 
mission systems and associated networks 

as well as their steady-state properties. 
A fundamental problem in the transmis- 
sion of modulated pulses is the resulting 
distortion arising from imperfections in 
the transmission medium and circuitry in 
the form of amplitude and delay variations 
with respect to frequency and bandwidth 
limitations. In transmission the pulse 
envelopes may be broadened, displaced 
from their true positions or destroyed 
beyond recognition. Amplitude distortion 
usually ean be corrected by simple means. 
Delay distortion correction, however, 
involves relatively more complicated 
g techniques and compensating 


It is usual to provide correction for 
paper presented, before the Winter Generat 


È 2 Men 
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y memuring instrament described in Western Union Technical 


envelope delay distortion and ignore other 
forms of delay distortion. An instrument 
has been developed for the measurement 
of envelope delay characteristics as well 
as amplitude characteristics.’ By the use 
of this instrument these characteristics 
may be displayed continuously by a 
cathode ray oscilloscope. Thus each alters 
tion in the characteristic by the insertion 
of corrective measures is immediately dis- 
played so that the process of corrective 
insertion and observation is continued 
until the characteristic is within a pre- 
scribed tolerance. The usual passive 
recurrent-structure corrective network is 
impractical for the rapid insertion of new 
delay values in small steps for observation. 
This paper includes consideration of dis- 
tortion properties and the development of 
a more practical means of correction 
particularly for use in conjunction with 
the envelope delay measuring instrument. 


Pulse Transmission Characteristics 


Since facsimile and data signals contain 
waveshapes in the form of pulses and 
depend upon the relative phases of the 
‘component frequencies as well as upon 
relative amplitudes for preservation of 
waveshape, it is necessary to consider both 
amplitude and phase responses. It is usual 
to predict the transient response of a 
circuit or network from the steady-state 
amplitude and phase responses. These 
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responses may be expressed in closed form 
by relations such as a Fourier Integral 
Equation 


Al) = So 


1 fO sin toe + gio de 
4 w 


+ 


where, 
AY 
So 


response due to unit step function 
= response after the transient has 
disappeared 
‘S(o) = amplitude response as a function 
ofw 


(0) = phase response as a function of w 


The phase response (w) can in gen- 
eral be expressed as the sum of three 
components. The first is the minimum 
phase component which has a definite 
relationship to the amplitude response and 
is therefore of particular interest with 
respect to limited bandwidths. In mini- 
mum phase systems equation (1) can be 
expressed in terms of either the amplitude 
response S(w) or the phase response ¢ (w). 
The second is a linear component which 
represents a constant transmission time 
for all frequencies. The third component 
is independent of the amplitude response 
and hence may be used for application in 
networks for correcting the phase response 
to be a linear characteristic with respect 
to frequency. In this case S(w) is a con- 
stant and transient response A(t) is 
dependent upon the phase response $(%). 
‘These components give rise to different 
forms of phase distortion. The properties 
of some of these forms will be considered 
briefly. 

The amplitude response S(w) and the 
phase response $(w) are usually con- 
sidered in terms of the steady-state para- 
meters =, attenuation constant; and 8, 
the phase shift constant so that the prop- 
agation constant is <j. The phase 
related parameters that are associated 
with facsimile signal distortion may be 
expressed in terms 8/w which is the phase 
delay and d8/dw which is the envelope or 
group delay. In addition, higher order 
derivatives are sometimes of importance 
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particularly when aperiodic waves are 
involved.** 

In the transmission of periodic waves or 
pulse trains such as are generated when a 
number of equally spaced lines are 
scanned, it is convenient to express such 
‘waves in the form of a Fourier series 


=% + a, Sin pt +a, Sin 2pt 


Ew 2 


+ ---=4, Sin npt +b, Cos pt 


+ b, Cos 2 pt +-~-—— b, Cos npt 
® 
where the parameters may be determined 
by the usual Fourier methods. If used to 
modulate a carrier, double sideband, the 
resulting transmission is 
V, =A, Cos ae LI + ME(t)) 

3) 
where se) 
,/2e = carrier frequency 

A, = carrier amplitude 

M = modulation factor 
If this wave V; is transmitted through a 
medium having a linear phase shift as 
shown in Figure 1 curve 1, each sinusoidal 


component of E(t) will be received in the 


V, =A Cosa, (t+k) 


Ab,M 
+o Cos (o, + np) (e+ k) 


+e 


w 
Hence, the carrier and two sideband 
frequencies will be delayed in transmis- 
sion by the factor 6/0 =d8/do=k so 
that all components of E(t) will be delayed 
equally and the waveshape will be pre- 
served in transmission. If the medium has 
a linear phase shift which does not inter- 
cept the B-axis at 0 or Mr, where M is an 
integer, as shown by curve 2 Figure 1, a 
form of distortion occurs known as linear 
phase intercept distortion. Here the phase 
ale fa Hie ae hs vive 


case each sinusoidal component of E(t) 
will be received in the form 


Cos lew, (t+ k)+ B,) 


Ab 


2 
Ab 
+ Cos Ifo, 
which in envelope form is 


V, =A Cos lo, (t+ 1) 


Cos Iw, + npe + k)+ By) 


phe + k)+ B,) 
© 


+ B+ Mb, Cos np (t+ kj) 
© 
Hence, the carrier is delayed by the phase 
delay and the envelope is delayed by the 
envelope delay of the medium. 


(= 2m X FREQUENCY 
Figure 1. Linear phere shift choracteriticn 


‘The question often arises as to whether 
linear phase intercept distortion is of 
importance in facsimile and data trans- 
mission systems where information may 
be present in the form of modulated pulses, 
whereas unmodulated signals such as the 
E(t) waves of equation (1) when trans- 
mitted directly over a circuit could be 
distorted beyond recognition unless the 
intercept is 0 or Mr. From the foregoing 
it can be seen that in the case of modu- 
lated signals the envelope is not distorted 
in transmission but that the carrier is 
shifted in phase under the envelope. 
Hence this form of distortion may be 
neglected, unless some use is to be made 
of the individual cycles of the carrier, in 
which case correction need be made only 
for envelope delay. However the peaks of 
the carrier cycles are often used for mark- 


© 


ing or sampling rather than the recovered 
envelope. In this case the necessity for 
intercept correction is minimized if the 
carrier frequency is high relative to the 
modulation frequency since the constant | 
carrier phase shift angle £, will then | 
represent a small time displacement | 
f 


relative to the signal interval. This rela- 
tionship may be effected, if it should not 
naturally exist in the system, by frequency 
multiplication at the receiver which will 
multiply the carrier frequency w, and | 
leave the modulation frequency un- | 
changed. $ 

For a medium in which the phase shift | 
is not linear, a number of different types | 
of distortion arise depending upon the | 
phase characteristic. A few types of phase 
characteristics are discussed in the follow- 
ing. Since a delay common to all signal 
frequencies produces no waveform 
tortion, that part of the phase shift which 
is linear with frequency may be ignored 
for present purposes. The results of non- 
linear distortion may for convenience be | 
expressed with respect to the average | 
value of the phase shifts , and 84 of the | 
side frequencies of a component of E(t), | 
Figure 2. The received modulated com- | 
ponent then will be 


V, =A Cos (ut + By) 


Ab, 
2 


Ab M 
+ I Cos lo, — np) t — By) 


+ FH Cos Uw, + np) e+ By) 


G 
= A Cosa, [Cos B, + b,M Cos (npt + B, 


=A Sin o,t Sin Py 


co} 
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which in envelope form becomes 


Va = ANI + 28, MCos B, Cos lapt Pp) 


FOE Cos? Capit By) Cos (a, + 9) 
ao) 
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Sin By 
Cos B, + bM Cos (npr Py) 


Dar raean 
Nonlinsor phase shift charecterain 


It will be observed that there is envelope 
distortion due to the presence of the Cos 
fi term and some degree of phase modu- 
lation due to the variation of @ with npe. 
If the phase shift 8, = 1/2 the envelope of 
equation (10) becomes 


ANT + 02M? Cos? (apt + By) 


age 
= A|1 +2 Cos? (npt + By) 


oes 
Ay Cost (pe + e] (eara 


aa 
‘The first term of this series becomes 


bam? pme 
af +A +7 Cos 2(npt + By) 

u» 

Hence the original modulation is de- 

stroyed and a double-frequency term of 

the modulation as well as decreasing 

amounts of higher even order terms arise. 

If the phase shift 8, is 0 or Mz the enve- 

lope is, 


ANTE 26M Cos (npe + B,) 


+ BEM? Cos? (npe + By) 


= A[I bM Cos (npe + B,)] 
ao 
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whence there is no envelope distortion but 
merely a reversal of sign for even values 
of M which is of no consequence. Hence 
the result for double sideband transmis- 
sion is analogous to intercept distortion 
with respect to the intercept points on the 
vertical axis which has been modulated 
up to the carrier position and bears the 
same relation in phase shift of 8: =0 or 
M» 


the carrier is located at a point of odd 
symmetry on the phase characteristic as 
shown in Figure 3, 2 will be zero and 
from equation (8) the received component 
will be 


V, =A Cos o,t (1 + bM Cos (npt + By) 1 

as) 
and no intercept type of distortion occurs, 
However the different components of E(t) 
will not be delayed equally and some 
envelope distortion will remain. It is thus 
desirable in facsimile double sideband 
transmission practice to locate the carrier 
at a point of even symmetry on the delay 
characteristic in order to minimize signal 
distortion, 


PHASE SHIFT 9 AND DELAY 


In the foregoing it has been assumed 
that the amplitude characteristic is con- 
stant throughout the useful frequency 
range. If both amplitude and delay char- 
acteristics are not constant with frequency 
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other forms of distortion take place. One 
particular type takes place in the form of 
echoes which in recorded form results in 
ghosts, An echo occurs if the amplitude 
has a cosine variation and the phase char- 
acteristic has a corresponding sine varia- 
tion or conversely with respect to fre- 
quency." In this case the spacing of the 
echo from the original pulse depends upon 
the spacing of these sinusoidal variations 
with respect to frequency. 

However, it is usually sufficient to make 
correction only for envelope delay distor- 
tion in addition to the usual amplitude 
correction. It is not necessary to consider 
phase shift directly as such. When satis- 
factory correction has been made for 
envelope delay distortion, it usually will 
be found that phase delay distortion is 
within tolerable limits particularly if a 
sufficient number of carrier cycles exist 
under the modulation envelope. Accord- 
ingly networks have been considered here 
mainly for the correction of envelope 
delay distortion. 


Corrective Network Characteristics 


For the compensation of delay distor- 
tion in carrier “vehicle” bands and associ- 
ated equipment, types of corrective 
networks which may be readily designed 
and individually adjusted to meet the 
conditions of a particular application are 


required. For use with the delay measur- 
ing instrument, they must be readily 
adjustable either continuously or in small 
steps to compensate for a deficiency at any 
point in the useful frequency range. Such 
networks, generally designated as all-pass, 
are usually designed to have an amplitude 
characteristic which is essentially inde- 
pendent of frequency throughout the use- 
ful frequency range. These networks may 
be passive or active. Active networks have 
a property not possessed by passive net- 
works that the delay characteristic can be 
readily varied over a wide range; whereas, 
passive networks that permit the delay 
characteristic to be varied over the néces- 
sary range become impracticably com- 
plicated. Also, it is the property of some 
types of active networks that in addition 
to the adjustable delay feature, the ampli- 
tude characteristics may be varied over 
a limited range to compensate circuit 
amplitude distortion or amplitude distor- 
tion introduced by other networks, 

‘The passive networks usually con- 
sidered for distortion correction are the 
constant-resistance recurrent structures 
designated to match the line impedance.’ 
Active networks may be designed for 
various conditions of input and output 
terminating impedances and methods of 
injecting the input and extracting the out- 
put. A number of these are given in the 
following table. 


source source oan 1o00 

anoue Dareoaxce voLTacE Darroance vouTAGE 
A Low Transverse High ‘Transverse 
B High ‘Transverse Low Transverse 
c Low Transverse High Longitudinal 
D High Transverse Low Longitudinal 
E Low Longitudinal High Longitudinal 
F High Longitudinal Low Longitudinal 
G Low Longitudinal High Transverse 
H High Longitudinal Low Transverse 


It can be readily shown that the transfer 
function of a delay network having an 
attenuation or gain which is constant with 
frequency can be expressed in the form 


an fe 
os 


or other equivalent expressions, where 
a48 

PRT 

N= constant 

A and B are functions of œ 
and the network parameters. For the 
present purposes the constant N may be 
neglected. 
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In general the groups listed in the table 
can be realized by a number of network 
configurations. A typical network configu- 
ation for Groups C, D, and H, is shown 
in Figure 4 for which the output to input 


transfer ratio is of the form 
È k%4-Z; 
E Zii 
an 
where 


Z, and Z, are functions of w and the 
network parameters 

K is a proportionality factor 

‘The proportionality factor K may be real 
or complex. However only real numbers 
will be considered here. 

Under certain prescribed relations 
among the parameters, the factor K may 
take on integer values, If K = 1 equation 
(I7) is directly in the form of equation 
(16). The result is the well-known delay 
network in which the conditions are satis- 
fied by a resistance for Z, and a reactance 
for Zs so that 


5, R-R 
E, T AFR 
iai as) 
pr tart i 


ay 

If K =3 the conditions can be satisfied 
by the use of a resistance for Z, and a 
resistance and reactance in parallel for Z, 
so that 


a 


fied by impedance functions for Z, and 
Z, such as 
PEE 
RF jux 
(2) 


R+ and = 


M=a constant 
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‘However, a very useful form occurs when 
M=1 and Rı=Rı=R in which the 
output-input transfer ratio is 


E, _ 3jRX — (R? - X?) 


E, T SRA + R3- X) 
Œ 
and 
SRX 
aai r i 
o9 


The K=3 and K=5 series of net- 
works are particularly useful in phase 
shifting and delay networks. A very 
simple phase shifting network applied to 
Group C is shown in Figure 5 in which 
from equation (23) 


a% 
A range for fixed values of o and C from 
approximately 0° to 360° is obtained with 
constant amplitude throughout this range 
merely by simultaneously varying the two 
equal resistors R. 

‘The K =3 series has been selected for 
delay distortion correction where variable 
delay properties are essential. The sche- 
matic arrangement of a section is shown 
in Figure 6 where the resistor R, is used 
for Za and the parallel arrangement of 


Figure 5. Phase shitting KS network opplied to 
Greup € 


resistor Rə, inductor L and capacitor C is 
used for Z;. The K = 3 factor is obtained 
by the divider Ry and R, such that 
Ry/Ry=3. The delay characteristic is 
varied by R: and Rp. If these resistors are 
maintained equal, the delay characteristic 
will be dependent upon their common 
value while the amplitude characteristic 


will remain constant for all settings and 
from equation (21) 8 will be 


28 yie 
D- (gh 
G] 


If in addition it is desirable to produce a 
variable amplitude characteristic, this can 
be accomplished by offsetting resistor Ry 
with respect to resistor Ry. In this case 
the output-input transfer ratio and delay 
can readily be shown to be 

E, _ iXGR, -R)- RR 
E, ~ KR, FRIFRR, 


Neer 


If Rs is larger than R, the amplitude 
characteristic, from equation (27), will be 
peaked upward in the vicinity’ of the 
resonant frequency w. If R; is smaller 
than R; it will be peaked downward, Thus 
with these networks it is possible to adjust 
the delay characteristic over a wide range 
and the amplitude characteristic over a 
somewhat restricted range essentially 
oe 


TNE 


Figure 6. Active corrective network section 


independent of each other merely by 
adjusting two resistors and maintaining a 
proper relationship between them in 
accordance with equations (27) and (28). 
Practically, it is usually necessary to 
change only Rs from equality with R, to 
change from a flat amplitude character- 
istie to a peaked characteristic in the 
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vicinity of oy. This is not possible with 
passive networks which usually require 
Separate networks for amplitude and 
delay distortion correction since each 
alteration of the amplitude characteristic 
Of a purely amplitude corrective network 
introduces some delay distortion which in 
turn must be offset in the delay corrective 
network. For this reason, amplitude dis- 
tortion correction is usually made first. 
With the K=3 active network, this 
process is inherently accomplished, 


Application of Corrective Networks 


A great variety of delay curve shapes 
may be encountered among the transmis- 
sion circuits to be equalized with correc- 
tive networks. Not only are there large 
variations among the different types of 
circuits, but even the same type requires 
different amounts of correction through- 
out the essential frequency range. For any 
circuit to be corrected, the desired result 
to be achieved is a uniform amplitude and 
delay response flat within prescribed 
limits over the essential bandwidth. Since 
delay cannot be subtracted from the 
circuit, the problem resolves itself into 
one of raising the delay of all points to 
the vicinity of the highest delay value on 
the characteristic within the essential 
bandwidth 


Figure 7. Passiva corrective network 


‘The application of both passive and 
active networks is particularly advanta- 
geous in conjunction with the delay 
measuring instrument by which the delay 
characteristic is continuously displayed. 
The passive sections, possessing relatively 
large lumped delay values, preferably are 
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frst inserted for a rough correction. After 
this has been done, the remaining correc- 
tion may be accomplished with active net- 
work sections, filling in those areas where 
delay deficiencies exist. The ability to 
vary the delay of each individual section 
allows much finer adjustments to be made 
than is practical with passive sections. If 
after obtaining a refined delay correction, 
amplitude distortion exists as a result of 
insufficient amplitude correction, or ampli- 
tude distortion inserted by the passive 
sections, the amplitude characteristic may 
be corrected with some limitations by off- 
setting the adjustable resistors of the 
active network sections as described in 
the foregoing. 

In some applications such as in military 
circuits, it might be desirable to provide 
packaged units containing a number of 
passive sections and other units containing 
a number of active sections, In this case 
the units would be left in circuit as 
adjusted and would be available for 
making a quick change in case the circuit 
make-up is altered. In other cases this 
procedure would not be economical, The 
preferred method then would be to insert 
other passive and active sections in the 
circuit corresponding to the sections in 
use in the packaged units, or specially 
select or design passive sections which 
simulate the combined delay of the passive 


Figure 8. Active corrective network 


and active sections. The design parameters 
can be obtained from the fixed ‘passive 
values and the active network settings. 
In Figures 7 and 8 are shown passive 
and active units suitable for applications 
to facsimile circuits as discussed in the 
foregoing. The passive unit consists of 25 
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bbridged-T sections and an input and out- 
put transformer. Each section has a fixed 
delay distribution and an attenuation at 
the frequency of peak delay ranging from 
about 0.8 db in the low frequency sections 
to about 1 db in the upper frequency sec- 
tions. The peak delay occurs at selected 
frequencies ranging from 600 cycles for 
section 1 to 3000 cycles for section 25. A 
representative curve of the delay distribu- 
tion of one section is shown in Figure 9. 
‘The sections are arranged in four groups 
to simulate assigned delay distributions. 
‘Switches are provided to permit any group 
or any combination of sections to be in- 
serted. 


‘reouoey-4 


Figure 9. Envelope delay characterise of o 
passive network senon 


The active network unit consists of 
eight type K=3 sections as shown in 
Figure 8 with electron tube coupling be- 
tween sections, an input gain control, and 
a twin-triode output amplifier stage. The 
peak delay values of the sections occur at 
approximately 375-cycles-per-second in- 
tervals from approximately 600 cycles to 
3200 cycles, with slightly closer spacing 
around the center of the band. As with the 
passive network, each section may be in- 
dividually inserted or omitted for any 
circuit correction. Toggle switches are 
provided on the panel of the unit for this 
purpose. In addition to providing individ- 
ual section selection, this unit has the ad- 
ditional advantage of individually vari- 
able delay for each section. The delay is 
varied with two rotary switches and two 
toggle switches appearing between the 
two rotary switches for each section. With 
these controls the peak delay of any sec- 
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tion may be varied in 22 steps from a 
minimum of about 100 microseconds to a 
maximum of about 1500 microseconds, 
When the sections are inserted in tandem, 
the delay at any frequency will be the 
sum of the individual section delays at 
that frequency. The amount of correction 
inserted may range from about 100 micro- 
seconds when only a few sections are in 
circuit to approximately 3000 microsec- 
onds when all sections are included and 


Figure 10. Typical envelope delay 
‘emplivode chorocieraicn of on 
nereo section 


set at their maximum peak delay values. 
When it is desirable to change only the 
delay distribution, the switches are set in 
pairs with the switches of each section at 
the same switch position. If in addition it 
is desirable to make an amplitude cor- 
rection in the vicinity of the section peak 
delay frequency, the lower rotary switch 
of a pair is set forward for an increase in 
amplitude and backward for a decrease in 
amplitude. Representative curves of the 
delay and amplitude distributions of one 
section are shown in Figure 10. Here the 
delay curves are displaced vertically with 
respect to each other to show clearly their 
distribution. The three delay curves de- 
pict settings as provided in the active unit 
near the minimum, intermediate and 
maximum peak delay values. The am- 
plitude curves correspond to the inter- 
mediate delay distribution for a flat 
amplitude characteristic, and for inter- 
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mediate amplitudes peaked upward and 
downward, 

In addition to their use in effecting a 
particular delay distribution at constant 
amplitude, these units also have the prop- 
erty that various amplitude distributions 
can be simulated at an essentially con- 
stant delay. For example, by proper 
switch settings a vestigial filter amplitude 
characteristic can be simulated at con- 
stant delay throughout the effective band- 
width, 


Results of Distortion Correcti 


Facsimile and data processing equip- 
ment is required to operate satisfactorily 
over various types of commercial and 
military circuits, and various combina- 
tions of these circuits. These transmission 
facilities consist of various physical, car- 
rier, and radio circuits having a wide 


mission near the carrier frequency are 
usually of greater importance than fre- 
quencies remote from the carrier 
frequency. 

For application to facsimile circuits, a 
number of corrective sections are con- 
nected in tandem, usually at the receiving 
end of the circuit, the number depending 
upon the type of delay characteristic to be 
corrected. These sections are spaced at 
frequency intervals throughout the band 
as required to fillin a delay deficiency, 
and each active section is adjusted so 
that the combined delay of all sections is 
the desired delay compensating character- 
istic, In general, relatively broad individ- 
ual curves spaced far apart are required 
when the delay to be corrected is small 
in value. Where a large value of delay 
needs to be corrected, relatively steep 
delay curves can be used with the sections 
spaced at small frequency intervals, 


smplitede characteristics of o 4millhenry per mile loaded cobie 


Figure 12. Deloy and amplitude characteristics of  44milihenry per mile loaded cable — corrected 
Figure 12. Deloy characteristics of e radio boom crevit — uncorrected and corrected 


range of envelope delay distortion and 
often an appreciable amount of amplitude 
distortion. The over-all frequency range 
necessary to provide satisfactory oper 

tion depends upon the type of equipment 
employed, and such factors as double or 
vestigial sideband operation, ete. In gen- 
eral the transmission band most fre- 
quently employed extends from about 600 
Or 800 cycles to about 3000 cycles for the 
most important frequencies contained in 
the signals. Frequencies involved in trans- 
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In Figure 11 are shown the delay and 
amplitude characteristics of a 44-milli- 
henry per mile loaded cable circuit ap- 
proximately 125 miles in length. This 
circuit was corrected using the active net- 
work alone with the result as shown in 
Figure 12 in which the delay character- 
istic is flat within the usual allowable 
tolerance of + 250 microseconds from ap- 
proximately 500 to 4000 cycles. A rough 
amplitude correction was obtained by use 
of the active network as shown by the 
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lower traces of these oscillograms. It 
should be noticed that since amplitude can 
be either added or subtracted, in the cor- 
rective process the amplitude was de- 
creased for the lower frequencies and in- 
creased for the upper frequencies by the 
active networks. Likewise, in Figure 13 
are shown results as obtained on a radio 
beam circuit approximately 200 miles in 
length. The upper curve of this oscillo- 
gram is the delay characteristic without 
correction and the lower curve is the delay 
characteristic after correction has been 
applied. The corrective process is well il- 
lustrated by the oscillograms of Figures 
14, 15 and 16 using a long Type-K carrier 
circuit. In the first mentioned figure are 
shown the uncorrected delay and am- 
plitude characteristics; in the second, the 
delay characteristic has been corrected; 
and in the third, a partial amplitude cor- 
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number of such test conditions have been 
investigated comprising various tolerances 
from a mean value. For the loaded physi- 
cal circuit, Figures 11 and 12, facsimile 
operation is considerably improved by dis- 
tortion correction. For Type-K circuits, 
distortion correction may give sufficient 
improvement to permit operation at dou- 
ble speed with vestigial operation as com- 
pared to double sideband operation with 
the carrier near a point of even symmetry 
on the delay characteristic, Also, delay 
distortion correction may permit splitting 
the normal voice band cireuit into two 
subbands so that normal operating speed 
can be obtained in each of these bands 
using vestigial operation. In general, the 
appraisal of the various factors involved 
indicates that the tolerance limit for satis- 
factory facsimile operation is of the order 


of =400 microseconds from the mean 
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Figure 14 Delay ond ompliede cherecterstice of œ typeK corrier circuit — uncorrected 


Figure 15. Dely 


rection has been obtained. It should be 
pointed out that in making the amplitude 
correction the delay characteristic was 
unaffected and that for all practical pur- 
poses the delay and amplitude corrections 
can be made independently of each other. 

These networks provide a readily ad- 
justable means for obtaining various delay 
characteristic shapes in addition to those 
normally present in facsimile circuits for 
the appraisal of facsimile recorded copy 
with respect to delay distortion. A large 
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smplvude characteristics of © type:K corrier cirevit — delay corrected, ampli 
16. Delay and amplitude characteristics of o type-K corrier cirevit — corrected 


uncorrected 


value per 1000 cycles of modulation (in- 
verse relationship); whereas, the usual 
quoted value is generally +250 micro- 
seconds. 


The development of the instrument de- 
scribed in this paper was one phase of a 
comprehensive investigation of delay dis- 
tortion and correction conducted by the 
‘Western Union development and research 
organization under U. S. Army Signal 
Corps sponsorship. 
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Intrafax Machines Placed On Test 


Western Union Telefax equipment is tested in operation before intallotion for 
the Federal Reserve Bank's private wire fetinle netwerk serving 12 ther bonke 
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WESTERN UNION TELEGRAPA, 


AND CORNELL LINES. 


Telegram of 1856, the yeor that “Western Union” was nomed 


41856 


‘The great city of Rochester in New York 
State has attained distinction and repute in 
many ways and for many reasons. The 
Western Union Telegraph Company is proud 
indeed to acclaim that city as its own birth- 
place and is gratified to be able to point out 
that its own expansion and modernization has 
paralleled that of this virile American city 
for over 100 years. 

The name Western Union, signifying a 
combination of Western lines in one system, 
originated in Rochester after Ezra Cornell, 
for whom a renowned university is known, 
agreed to consolidation of his telegraph in- 
terests with those of the New York and 
Mississippi Valley Printing Telegraph Com- 
pany, a vigorous, well-managed enterprise 
whose headquarters were at Rochester. The 
Mississippi Valley Company had been organ- 
ized there in 1851 to exploit an ingenious, 
complicated, but nevertheless practical, elec- 
tro-mechanical printing telegraph system 
patented in 186 by Royal E House of 
‘Vermont. 

In those days, of course, all of the area 
westward of Rochester and the Atlantic Sea- 
board generally was “out west.” There were 
few if any telegraph lines beyond the Mis- 
sissippi, except those in California, so actually 
this “Western Union” consolidation was 
mainly effective in five states north of the 
Ohio river. Although perhaps not fully com- 
prehended at the time, it developed that the 
Morse patent rights for western territory and 
the other-line connections contributed to the 
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“Westen Union” Centennial 


consolidation by Cornell's Erie and Michigan 
Telegraph Company were of great worth, 

“Telegraph historian James D. Reid wrote 
in 1877 of early days in Rochester that the 
city “had in its citizenship a number of men 
of exceptional energy, of quick discernment, 
plucky, enterprising, with the dash, tact and 
boldness peculiar to pioneer characters, There 
was also another element to be found there 
in large degree, which, while it shared the 
boldness of the former, added thereto the 
polish and scholarliness and delicacy of so- 
ciety in its best conditions. Rochester was the 
center of a large, populous, fertile region. 
The Genesee Valley was long famous for its 
rich harvests, and for the vivacity and intel- 
ligence of its population. George Dawson, 
Henry R. Selden, Samuel L. Selden, Addison 
Gardiner, Isaac R. Elwood, Henry O'Reilly, 
Freeman Clarke, Harvey Ely, Hiram Sibley, 
Alvah Strong, Levi A. Ward, George H. 
‘Mumford and O. H. Palmer, were among its 
prominent citizens." 

‘Thus Rochester appears to have numbered 
among its residents many energetic, enter- 
prising and able men among whom were 
Judge Samuel L. Selden and Hiram Sibley 
whose joint efforts led first to successful 
establishment of the Mississippi Valley 
Company and then, five years later, on 
April 4, 1856, to the consolidated Western 
Union system that was to provide the nation 
with its telegraph communications in peace 
and war for the next 100 years. 
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Small Terminal Office Reperforation 


During 1954, a field cial installation of small office repgetorer, switching eipment was 
made at Passaic, N. J eal fowallation of Tia aracle fo deat some of the thinking pne 
Proughe about such an is ose of this icgcatons chat ocurred as a result of the 
Seats Smet acne Se won of Sr elm ON 
Switching arrangement. 


ovmamtox of the nationwide Western sage is all that is required. However, at 


Uson public message system is based the 


ination, the tributary or ter- 


dest 
Uia the division of the country into minal office, telegrams must be relayed to 
Polen switching areas made up of individ, tie lines, ‘branch offices, and agencies. This 


wel states or groups of states. Each of 
Mose areas contains a reperforator switch- 
{ng center interconnected with other cen- 
ters, These switching centers serve 

tity in which they are situated and all 
feivutary offices in their area. Figure 1 
thows this system of operation in dia- 

raramatic form. 

Much has been written in Tecunical 
Revinw describing the operation of re- 
perforator switching centers and enum- 
Prating the advantages gained from re- 
perforator operation. Inasmuch as over 90 
percent of the telegrams received at a 
Fwitehing center are relayed to their ulti- 
mate destination, all messages are re- 
ceived in the switching aisles or at auto- 


a center. 

‘As shown on Figure 1, five types of 
destinations are possible for telegrams 
leaving the reperforator center. At the 
first of these destinations, namely, other ra 
reperforator centers, messages may again 
be received and relayed in perforated 
tape form. Likewise, at 346-A tables? mes- 
sages are relayed in perforated tape form sin 
to their ultimate destination, a printer in von | [SSE | | ces 
the customer office. 

‘At branch offices and locals a tele- 
printer copy of a message is produced "Ihc connections 
Generally at these two locations no fur- 


Figure 1. Repeforotor switching canter ond Wwibuery 


ther relaying of traffic is needed except in is regularly performed as a manual relay, 
the case of a few branch offices where involving gumming down the printed tape 


and in any case the printed copy of a mes- telegram to a ‘sending position and manu- 
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ally retransmitting it to the proper des- 
tination. Here, then, appears to be a logi- 
cal place to apply reperforator methods 
for service improvement. 

Unlike other points at which reperfora- 
tor switching has been employed, at the 


Figure 2. Teleprnter with vtomatic massage cating 
‘ond ejecting vient 


tributary office the percentage of received 
messages requiring relay usually is rela- 
tively small. The remainder of the re- 
ceived load must be in final form ready 
for delivery by telephone, messenger or 
Desk-Fax tie line, While there is a definite 
gain in being able to switch messages 
which must be relayed, the switching of 
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messages into a secondary position ad- 
jacent to a switching position in order to 
produce delivery copies is wasteful of 
equipment, time and efort. Instead, an 
arrangement which produces both a 
printed copy and a reperforated tape of 
each message will make the most satisfac- 
tory operating scheme for terminal offices 
where the various operating positions are 
closely associated physically. 

Since the greatest improvement in mes- 
sage handling will occur on relayed mes- 
sages, the most likely place for successful 
terminal office reperforation is in an office 
having a sizable percentage of switchable 
messages. One such office, for example, is 
located at Passaic, N. J., with appro: 
mately 50 percent of its received tele- 
grams destined for teleprinter tie lines or 
agencies. 

To make the handling of the printed 
copies as simple as possible, an automatic 
cutoff page printer (Figure 2) was de- 
veloped. The theory of operation contem- 
plated at this point was that a page printer 
copy and a perforated tape copy of each 
message would be received simultane- 
ously at the terminal office. The tape of 
switchable messages would be used to 
relay messages to tie lines and the corre- 
sponding page copy retained as a file and 
accounting copy. The page copies of other 
messages would be utilized the same as 
the gummed delivery copies previo 


Figure 3. Block diagram of small terminal ofen raperiertion 
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were, and the corresponding perforated 
tapes of these messages discarded, 

To accomplish the desired objectives, 
‘equipment to perform several functions is 
required as indicated on Figure 3. First, 
it is necessary to translate the received 
traffic into page form since messages 
transmitted in the nationwide system are 
in form for tape printer reception. The 
‘equipment to perform this function (tape 
repeater rack No. 1) for the two receiving 
channels at Passaic is shown at the right 
in Figure 4. 


Figure 4. Tape repeater racks — Rock No. 2 leht, 
Taek No. 1 right 


Another rack of equipment (tape re- 
peater rack No. 2, Figure 4, left) is pro- 
vided to accomplish several other func- 
tions. At this rack perforated tape 
messages are received in page form. Here, 
enough “line feeds” are added automati- 
cally at the end of each message to pro- 
duce a 54-inch long telegraph blank or a 
multiple thereof. Also, an “upper case 
blank” is added following the line feeds. 
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The purzose of the blank will be described 
later. Transmission into this tape repeater 
rack is at 65 words per minute and trans- 
mission from the rack is at 77 words per 
minute. This speed differential is provided 
to prevent a backlog of messages from 
occurring because of the characters added 
to each received message by tape-to-page 
translation, line-feeds to produce standard 
length messages, and cutoff signals. A 
switch is provided so that either the trans- 
mitters send individually over two cir- 
cuits, or they may be made to “flip-flop” 
into one circuit leaving the rack. Also 
located on this rack is a time and date 
chronitor used in connection with switch- 
ing to tie lines. 

‘The operating table shown in Figure 5 
is basically a 346-A tie-line switching 
table to which a page printer has been 
added. Arrangements are provided so that 
messages are received at this table simul- 
taneously on the page printer and printer 
perforator from the A and B channels 
alternately, or from the A channel or B 
channel continuously. Except in peak 
load periods, both channels are caused to 
terminate at this position. The page printer 
on this table consists of a type 15 page 
printer as in Figure 2 with a message 
cutter knife and ejector. The upper case 
blank at the end of each message, re- 
ferred to earlier, causes the cutter to op- 
erate and the ejector to deposit the 
received message in the message accumu- 
lator attached to the rear of the printer. 

The operator at this switching table 
scans the received page copies. If a tele- 
gram is destined for a tie-line patron the 
corresponding tape is secured for that 
telegram and standard procedure for 
switching to tie lines is followed. The page 
copy is filed with an endorsement indic- 
ating that the message has been trans- 
mitted. If a message is not to be switched, 
the corresponding tape is discarded and 
the page copy used as a delivery copy. 

A special masking lacquer is provided 
to aid in the correction of typing imper- 
fections in messages which must be 
delivered. This lacquer is the same color 
as the message blank. It is fast-drying, and 
corrections may be made immediately by 
typing over the lacquer. 
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During peak load 
periods, notwith- 
standing’ the differ- 
ential between in- 
coming and outgoing 
speeds, a backlog of 
messages may accu- 
mulate at tape re- 
peater rack No, 2 
when the channel 
alternating arrange- 
ment is in use, In 
this case, one chan- 
nel is diverted to 
another automatic 
cutoff page printer 
located beside the 
switching table 
Since the installation 
at Passaic is purely 
a trial assembly no 
corresponding per- 
forated tape is pro- 
duced at this posi 
tion, and any tie-line 
messages arriving at this printer are 
manually transmitted to tie lines. 

A study of the operation of this installa- 
tion showed considerable improvement 
over manual methods. However, as a 
result of the test further changes are 
proposed to provide greater benefits than 
are now being attained. By performing 
the translation and standard message 
length functions at the reperforator office 
sending position, a considerably decreased 
investment charge and improved main- 
tenance can result. The channels from the 
reperforator office to the terminal office 
may be operated at 65 or 77 wpm, depend- 
ing upon the load requirements. Addi- 
tional improvement is possible in the 
terminal office by terminating both chan- 
nels in printer perforators as well as in 
printers. This will produce perforated 
tapes for all tie-line messages, eliminating 
all manual transmission to tie lines. 

New equipment is now being designed 
to incorporate these changes and it is 
anticipated that the first of the new 
installations will be effected during 1956. 
The new installation will also have the 
advantage of requiring less translation 
since keyboard standardization between 
tape and page equipment will be in effect 
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Figure 5. Tronk receiving and We-ine switching postion 
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at that time. In addition, page printers 
using message “bursters” rather than 
knife cutters also will be provided, elimi- 
nating the need to generate and transmit 
a cutoff signal at the end of each telegram. 

The new arrangement will utilize 
sprocket feed fanfold paper, cross-per- 
forated at intervals equal to a 54-inch 
long telegram blank. As each of these 
gross perforations pass through the 
“burster” the messages are torn apart to 
produce standard size telegrams, 

The field trial at Passaic has shown that 
appreciable improvements in operation at 
small terminal offices can be effected by 
the application of reperforator methods, 
‘The tape relay of the messages has notice- 
ably improved the origin-to-destination 
speed of service. Fewer individual tele- 
printers are needed to serve the same 
number of tie lines. The operating section 
of the office is more compact and manual 
transportation of messages is reduced to 
a minimum, 
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Figure 1. Model 28 typing unit with stunt box removed (op), sunt box, end (below) view of stunt box showing 
fontion bers 
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E. LOUIS PARKINGTON, Field Engineer, Kansas City. Mo. 


Function Mechanisms of the Model 28 Teleprinter 


re 


Wiru increasing utilization of Model 28 
teleprinters in Western Union private wire 

y services, more and more use is being made 
of the versatile stunt box which is an 
essential part of this teleprinter. New 

| uses are being found for this unit in way- 
station selector operation, in automatic 
control of associated apparatus, and in in- 
tegrated data processing. This article re- 
views the theory of operation of the stunt 

box and describes the various special func- 
tions which can be performed by this unit. 
‘The general description and theory of 

| operation of the Model 28 teleprinter 
was covered in the July 1955 issue of 
‘Teeunrcat, Review. 


Code Bars 


‘The Model 28 teleprinter stunt box 
(Figure 1) extends across the entire 
width of the teleprinter and is mounted 

_ directly behind the code bar assembly in 
the rear of the teleprinter, 
There are nine code bars in the tele- 
printer (Figure 2). The first, second, 
third, fourth and fifth pulse code bars are 
Positioned to marking or spacing, that is, 
, to the left or to the right as viewed from 

the front of the teleprinter, by the selector 
mechanism. The positioning of the com- 
mon code bar is determined by the posi- 
tion of the first and second pulse code 
bars, and has no other function than the 
vertical positioning of the type box as 
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printed. Second, they cause functions 
performed within the printer 
jechanically, or at a remote location by 
means of an electrical switch. This is ac- 
complished by selecting coded function 
bars (Figure 3) by means of the notches 
that are cut uniformly on the rear edge of 
the code bars. 


eg 


ing position, but will be opposite a projec- 
tion on the code bar if the code bar is 
shifted to the spacing position. Similarly, 

Moe 28 TeLEPRINTER + 77 


spacing position, but will be a 
projection when the code bar is shifted to 
the marking position. By the use of 

tines, a function bar can be coded for a 
particular character so that the function 
bar will be selected, that is, allowed to 
enter into the slots in the code bars, when 
the selector mechanism sets up the code 
bars for the corresponding code combina- 
tion of that character. For example the 
Baudot code combination for the letter 
“A” is first and second pulses marking, 
third, fourth and fifth pulses spacing. The 
function bar coded for the letter “A” will 
have marking tines opposite the first and 
second pulse code bars, and spacing tines 
opposite the third, fourth and fifth pulse 
code bars. There would be no tines on the 
function bar opposite the other code bars. 
Under this arrangement, any time the code 
bars are set up by the selector mechanism 
for the letter “A”, the “A” function bar 
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will be selected when the function bars are 
allowed to move against the code bars. 

‘The stunt box has 42 slots, each of 
which can accommodate a function bar, as 
pictured in Figure 1. Since the code bars 
are notched uniformly a function bar 
coded for any character can be placed in 


any of the 42 slots. Actually, approxi- 
mately 7 of the 42 slots are reserved for 
such essential functions as letters-shift, 
figures-shift, line-feed, and so forth. 


Function Bar Mechanism 


A function bar mechanism (Figure 4) 
consists of a function bar, a function pawl, 
a function lever, a spring plate, and their 
associated springs. When the function bar 
mechanism is in the unoperated position 
the function pawl rests on top of the rear 
projection of the function bar as shown in 
Figure 4. 

After a character has been set up on the 
code bars, the function bar reset bail, 
which extends along the entire width of 
the stunt box, moves forward, allowing all 
the function bars in the stunt box to feel 
for an entrance into the code bars. Only 
the function bar coded for that character 
will enter the code bars, and the rest will 
be blocked by a projection on at least one 
code bar. 


ARAB 


Figure 3. Fonction bar 


When the selected function bar enters 
the code bars, the notch in its associated 
function pawl engages the projection on 
the top of the function bar as shown in 
Figure 5. The nonselected function bars do 
not move forward far enough to engage 
their respective function pawls. As the 
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function bar reset bail returns the selected 
function bar to its original position, the 
function bar carries the function paw! with 
it, The function pawl has a projection 
which engages the function lever, and 


rotates it clockwise about its pivot (Fig- 
ure 5). It is this operation of the function 
lever that activates the desired function, 

A funetion lever can do work basically 
in three manners: 


1. The lower part of the function lever 
can operate a slide (Figure 6) which, 
by means of a suitable mechanical 
linkage, can create a mechanical 
action within the teleprinter. For 
example, Figure 6 shows a function 
bar coded for the line feed combina- 
tion. When this funetion bar mechan- 
ism is operated the function lever 
operates a slide. The slide in turn 
rotates the line-feed clutch trip arm, 
thereby allowing the line-feed clutch 
to rotate in order to perform the line- 
feed function. At this point the func- 
tion pawl has to be disengaged from 
the function bar in order to allow the 
function lever to return to the un- 
operated position. This is accom- 
plished by the stripper blade (Figure 
5) which extends across the entire 
width of the stunt box. The stripper 
blade at the beginning of the opera- 


moves down to allow 


tte 
g 
E 


tion levers which were operated by 
the selected function pawls reach 
their rearmost position, the stripper 
blade moves up and strips the func- 
tion pawls from the function bars, 


roncnon pame 


thereby allowing the function levers 
to return to the unoperated position. 


. The top of a function lever can op- 


erate a code bar shift mechanism 
(Figure 7) which in turn will shift a 
code bar within the teleprinter by 
‘means of a post attached to the code 
bar. Figures 8 and 9 show how the 


letters-figures code bar is shifted by 
a code bar shift mechanism. The 
function lever associated with the 
letters-function slide is activated 
when its associated function bar, 
which is coded for the letters code 
combination, is selected. Similarly, 
the function lever associated with 
the figures function slide is activated 
when its associated function bar, 
which is coded for the figures code 
‘combination, is selected. The position 
of the letters-figures code bar deter- 
mines whether the type box will be 
moved to the letters or figures posi- 
tion. It is now apparent that a func- 
tion bar can be readily coded for 
an upper-case or 
lower-case character 
by the addition of a 
marking or spacing 
tine, respectively, op- 
posite the letters-fig- 
ures code bar. 

3. The top of a function 
lever can operate a 
switch mechanism 
(Figures 10 and 11) 
The contacts in the 
switch mechanism can 
be “make” contacts or 
“break” contacts. The 
combination of two 
sets of contacts, one 
make and one break, 
can be activated simultaneously to 
provide “transfer” contacts by means 
of activating two function bar mech- 
anisms on the same character. 


Sequential Selection 


A function can be performed upon the 
reception of a sequence of two or more 
characters, rather than a single character, 
by the use of a special function lever 
(Figure 12) which has a blocking and a 
latching projection. The blocking projec- 
tion, when the function lever is unop- 
erated, extends over to the adjacent slot 
in the stunt box, and blocks the function 
bar in this slot. This blocked function bar 
now cannot go forward to feel for an en- 
trance into the code bars when the fune- 


func- 
op- 
an 


latching projection of the 
wl function lever is 
also has 


‘igure 7. Code bar shit mechanisms 


the “A” function bar is equipped with a 
blocking and latching type function lever 
and an unlatching type function latch. 
This layout is shown in Figure 13, which 
shows the “A” function bar mechanism 
operated, with the blocking projection of 
the “A” function lever removed from the 
rear slot of the “B” function bar. This oc- 
curs every time the character “A” is set 
up on the code bars. Assume now that the 
next character received is a “B.” The “B” 
function bar moves forward into the code 
‘bars. At the same time the stripper blade 
moves downward and unlatches the “A” 
function bar mechanism. The operation 
of the “B” function lever activates the 
desired function. If an extraneous char- 
acter is inserted between the letters “A” 
and “B” the “A” function bar mechanism, 
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upon receiving the “A” character, would 
latch up and unblock the “B” function bar. 
During the reception of the extraneous 
character the stripper blade would unlatch 
the “A” function bar mechanism and the 
“B” function bar would be blocked again 
so that if the “B” character should be 
received, the “B” function bar mechanism 
would not be activated. Therefore, the 
characters have to be received in the 
proper sequence in order to perform the 
function, 


LETTERS 
FUNCTION 


RER FUNCTION 
LEVER 
LETTERS: FIGURES 
FUNCTION FUNCTION 
SLIDE ‘SLIDE 
LETTERS- LETTERS- 
FIGURES FIGURES 
CODE BAR SHIFT CODE 
FORK. BAR: 


‘gore B. Leteregures cede ber shift mechanism in 
Toners position 


In this manner the stunt box can be 
equipped to react to a sequence consisting 
of any number of characters, limited only 
by the available slots in the stunt box. 
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Remote Control 

An electrical switch mechanism acti- 
vated by a mechanical function in the 
stunt box can be used for remote control 
of some associated apparatus. One appli- 
cation of this function would be the re- 
quirement of cutting-in a reperforator 
upon receiving a particular character or a 
sequence of characters. The switch mech- 
anism to control the reperforator will be 
activated by the function bar mechanism 
whose function bar is coded for the “cut- 
in” character. In case of a sequence of 
characters, the last function bar mechan- 
ism of the sequence will activate the 
switch mechanism, In order to keep the 


FIGURES 
FUNCTION 


LETTERS 
FUNCTION teven 
LEVER 
FIGURES 
LETTERS. FUNCTION 
FUNCTION SLIDE 
SLIDE 


LETTERS- LETTERS- 


reperforator cut in so it can follow line 
signals, it will be necessary to keep the 
contacts on the switch mechanism op- 
erated. This is accomplished by latching 


up the function lever in the same manner 
as described under sequential selection, 
‘except in this case a release-type function 


eugeTmcat 
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latch is used (Figure 14) which engages 
the latching type function lever when 
the lever is operated and stays latched up 
independent of the stripper blade. In order 
to disconnect the reperforator, a discon- 
nect signal is used to activate two func- 
tion bar mechanisms which are equipped 
with a release-type function lever (Fig- 
ure 15). This function lever has a release 
projection which supports a latch-lever 
release shaft (Figure 16). Since the latch- 
lever release shaft has to span the release- 
type function lever latch, it is apparent 
that two release-type function levers are 
required to support each end of the latch- 
lever release shaft. The function bars asso- 
ciated with both release-type function 
levers are coded identically for the same 
disconnect character. As the disconnect 
code is received the two release-type func- 
tion levers are activated, and the latch- 
lever release shaft engages the release- 
type function latch, releasing the function, 
lever that was keeping the contacts on the 
switch mechanism activated as shown by 
Figure 14. 


Wey-Station Selector Operation 

As mentioned before, the position of the 
code bars transmits to the type box posi- 
tioning mechanism the information as to 
what character is to be printed. The type 
a 


combination which was read by the selec- 
tor mechanism has been set up on the code 


box positioning mechanism, however, is 
not allowed to operate until after the code 


“fae me 


bars. After the code bars have been posi- 
tioned, the type box clutch (Figure 17) 
is released, the type box positioning 
mechanism is allowed to function, and 
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subsequently the printing hammer is al- 
lowed to strike the proper type pallet in 
order to print the character. Therefore, if 
the type box clutch is prevented from re- 
leasing, printing will be suppressed even 
though the selector mechanism and the 
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code bars continue their operation when 
line signals are received. This is accom- 
plished by the use of the suppression code 
bar. 

In Figure 17 it can be seen that the end 
of the suppression code bar extends out 
from the left-hand side of the teleprinter 
and engages the blocking bail arm. When 
the blocking bail extension is in the path 
of the suppression arm, which is attached 
to the type box clutch trip arm, the type 
box clutch will not be tripped. When the 
blocking bail extension is removed from 
the path of the suppression arm, the type 
box clutch can be tripped so that printing 
can occur. 

‘The suppression code bar 
is spring biased to the mark- 
ing position, and in this po- 
sition it holds the blocking 
bail extension in the path 
of the suppression arm. This 
condition of the teleprinter 
when printing cannot occur 
is called the “stunt case”. 
When the teleprinter is in 
the stunt case, the only typ- 
ing unit function that can 
operate is the carriage re- 
turn. By moving the sup- 
pression code bar to the 
spacing position the block- 
ing bail extension is re- 
moved from the path of the suppression 
arm. This condition of the teleprinter, 
which permits normal operation of the 
typing unit, is called the “print case.” 

‘The suppression code bar can be shifted 
to the spacing position with a code bar 
shift mechanism in the same manner that 
the lettersigures code bar is shifted. 
Since the suppression code bar is spring 
biased it is necessary to keep the function 
lever, which is operating the code bar shift 
mechanism, latched up with a release-type 
function latch. The teleprinter, therefore, 
can be shifted into “print case” by means 
of a function bar mechanism coded for a 
articular character or for a sequence of 
characters. The function lever, which 
locks the code bar shift mechanism in its 
operated position, can be released in the 
manner described under remote control, 
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ition. The teleprinter in 


A three-station way circuit, for exam- 
ple, can be assigned the call letters of “A”, 
“B”, and “C”, respectively. The function 
bars of the function bar assembly that is 
used for shifting the suppression code bar 
will be coded for “A” at the first station, 
“B” at the second station, and “C” at the 
third station. The disconnect can be an 
upper case F, and two function bar 


mechanisms coded for this character will 
be used at all three stations. When station 
“A” calls station “B”, the two call letter 
characters are transmitted and the two 
stations are shifted to the print case. It is 
almost certain, however, that the letter 
“C” will occur during the message being 
transmitted from “A” to “B”; therefore, 
some means is required to distinguish be- 
tween the letter “C” when it is used as a 
call letter, or when it is part of a message. 
‘The zero code bar is used to accomplish 
this function. The zero code bar is also 
spring biased to the marking position. A 
‘cutoff character such as a “space” can be 
used to activate a function bar mechanism 
to shift the zero code bar to spacing by 
means of a code bar shift mechanism. The 
function lever associated with the zero 
code bar shift mechanism is latched up to 


a release-type function latch to keep the 
zero code bar in the spacing position until 
the disconnect function is activated. 

The condition of the teleprinter when 


Laten-ueven 
RELEASE 
Shart 


FuNETION 


fonction 
Caren" (even 


\ sta 


Figure 14, Function lover latched with releese-type 
tunon lath 


the zero code bar is in the marking posi- 
tion is known as the “select case.” When 
the zero code bar is shifted to spacing the 
teleprinter is in the “nonselect case.” The 
call letter function bars can be coded with 
an additional marking tine opposite the 
zero code bar. These function bars, known 
as select-type function bars, will be 
selected when the teleprinter is in the 
select case, but will be blocked when the 
teleprinter is in the nonselect case. 

‘An additional function bar mechanism 
is added to the stunt box of all teleprinters 
in the way circuit coded for “space.” Then, 
after the first station transmits the call 
letters “AB” followed by the cutoff char- 
acter “space,” the A and B stations are 
in the print case and nonselect case, and 
the C station is in the stunt case and non- 
select case. Upon receiving the disconnect 
code all teleprinters are returned to the 
stunt case and also to the select case. 


In case it is desired to control the send- 
ing of the uncalled stations, by means of 
switch mechanisms activated by the call 
and cutoff characters, the keyboard con- 


Figure 18. Releosetype function lover 


tacts of the uncalled stations can be 
shorted out. The disconnect signal would 
restore the keyboards by unlatching the 
function bar mechanisms that were op- 
erating the switches. In the same manner 
call lamps and busy lamps can be incor- 
porated if desired. 


Integrated Data Processing 


The Model 28 teleprinter lends itself 
readily to the processing of data that are 
normally cumbersome to handle by or- 
dinary means. This can be attributed not 
only to the many functions that can be 
accomplished in the stunt box of the tele- 
printer, but also to additional features 
such as automatic page feed-out (form 
indexing), horizontal tabulation, sprocket 
feed, and higher operating speeds that are 
available with the Model 28 teleprinter. 
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Figure 16. Boil mechosiom 


Automatic page feed-out is activated by 
a function bar mechanism in the stunt 
box that responds to a particular charac- 
ter. When the mechanism is activated the 
paper is fed out to a predetermined posi- 
tion. This is very helpful in 
cases where preprinted 
forms are used in the tele- 
printer and automatic form 
indexing is desired. 

The stunt box can be 
equipped with previously 
described mechanisms to 
control transmitters, reper- 
forators or other tele- 
printers. The data to be 
transmitted to the various 
departments of a concern in 
certain operations usually 
contain a great deal of con- 
stant material. This mate- 
rial can be stored in a mas- 
ter tape. When the master 
tape is placed in a trans- 
mitter, the Model 28 tele- 
printer stunt box can be 
used to stop and start the 
transmitter for manual in- 
sertion of variable data 
and/or insertion of data by 
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another transmitter. The stunt box will 
‘also edit the information being trans- 
mitted by means of cutting in and out 
several reperforators with switching char- 
acters in order to select only the desired 


information that is to be retransmitted to 
the various destinations. 

One of the outstanding features of the 
‘Model 28 teleprinter stunt box in this type 
of operation is the ability to suppress 
printing and spacing on a large number of 
characters which are used for switching. 
Referring back to Figure 6, it can be seen 
that an extension can be added to the 
lower part of the function lever to engage 
the space suppression bail which extends 
‘across the entire width of the teleprinter. 
When this function lever is activated by 
the character for which the function bar 
mechanism is coded, spacing will be sup- 
pressed for that character. In addition in- 
dividual upper-case or lower-case type 
pallets in the type box can be easily re- 
placed with blank pallets for characters 
which are not to be printed. In this man- 


ner any combination of printing or non- 
printing and spacing or nonspacing can be 
obtained for a large number of switching | 
characters. 


Conclusion 

The individual types of function 
mechanisms that are available in the stunt 
box are relatively few and simple. How- 
ever, the use of these mechanisms in com- 
bination with each other, and the capacity 
of the stunt box for a large number of 
function mechanisms makes the Model 28 
teleprinter a highly versatile unit, 


Peference 


1, Momms How Sermo Pace Teuersirress, FRED W. 


E. Lovis Parkington graduated from the 


University of Texas in February 1948, having previously 
studied at New York University; during World War IT he 
was in charge of an UHF radio terminal in the Signal Corps. 
He joined the Telegraph Company in 1948 as Field Engineer 
at Dallas, was assigned to testing Plan 21 Reperforator 
‘Switching installations and then transferred to the Kansas 
City Area office where he has been concerned mainly with 
circuit layout, and testing of carrier, repeater, and private 
wire equipment. Recently, he bas been on detail in New 
York where he worked in the Patron System Engineer's 
office on Switching System 56-A and developed methods of 
way-station selection and remote control using the Model 28 
Teleprinter. Mr. Parkington is an Associate Member of 
AIEE and a member of the Armed Forces Communications 
and Electronics Association in which he has held the office 
of Secretary-Treasurer; he is presently a member of the 
Board of Directors of the Kansas City Chapter of the 
AFCEA. 


WESTERN UNION TECHNICAL REVIEW 


| 


Telecommunications Literature 


A Classified Listing of Highly Regarded Reference Books 
in the Field of Communication 


Telegraphy and Telephony 

Amsaacan Teuecrarmy—wn. maven, 38-—1908, 

Automate TELEPRONY—A. B SMIN AND W. L 
easrari—MeGraw Hili, 1921. 

‘Avtowame Tetarnone Paacricr—. £. weasury— 
1920. 


"kM. MARMION 1823, 
rag Avo Hrana- rurtonm—Van Nostrand, 
k 
Tafory of Tu Sano Tenscary axe Tetz- 
‘Camur—it. w. aaLcorm—Bean Bros, 
London, 1917 
‘tassatnaiow Cincurrs ror Tutzruomic Cor 
eweamiox — x. s. zomon — Van Nostrand, 
i 


Radio and Television 
Euscriomacnenie Waves—s. a. scuruxuxorr—Van 
‘Nostrand, 1943. 


Mioware Euxcmotea— 3 
Nostrand, 1950 

Microwave Traxtaaission Cmeurrs—c. t nacan— 
McGraw Hill, 1948, 

Pracnicat Travon  Exctweexsne—s. sett — 


Teuevisron Somavme—. s. xivEn—Van Nostrand, 
"1050, 


‘Transhassion Loves, Axrexwas axo Ware Gumes 

SAW. P. KING B A. MNO AND AL N WING 
‘McGraw Hill, 1945, 

UHF Rabo Siercirm — w. 5. xiven — Van 
Nostrand, 1945. 

Wavrgume Teaxsiassiox—c. c. sormworm—Van 
‘Nostrand, 1950. 


Networks and Filters 

Coomunicarion Cmcurts—t. A. WARE AND N. R 
sanxo—Wiley, 1949. 

Communmcaziow Nexwomxs, Vots. I axp IIe. a- 

cosas Wiley, 208), 1998 A 
ueeruc Wave Firreas—r. scowex—Chapman 
Hill, 1950 
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Arr Euscrsomics— sit. nt. starr— Wiley, 
198. 


Magnetic Amplifiers 
Maceme Aruri Cicurrs, Baste Pacius 


Macxenie Axeria- 
‘Stewart and Richards, London, 1983. 


Mathematics of Communication 
Engineering 

Arrumo Mammemamics ron Encmezns ano Sci- 
mwessa a somno — Van Nostrand, 


iy 
Farguencr Axacrsss, Mooutarion awp Nowse— 
"5 couDMAN—McGraw Hill, 1948 


‘Tue Desis or Swareane Cincurrs—wn. KEISTER, 


Rasiomox 
[Reresence Data ror Rasio Excrwerss—F.T. & R. 
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Patents Recently Issued to Western Union 


Electrosensitive Recording and 
Duplicating Blank 
D. P. Rowo, B. L. Kume 
2,726,165— Decramer 6, 1955 

A facsimile recording blank adapted for 
duplicating received messages by the hecto- 
graphic process which comprises a base layer 
of conductive paper, a first coating compris- 
ing a water-soluble dye such as methyl violet 
in a nonwater-soluble binder, and a top con- 
ductive coating utilizing a binder in a volatile 
nonaequeous solvent. The carbon content of 
the latter coating is such as to permit removal 
of the coating by recording stylus current of 
Proper value so as to expose but not other- 
wise disturb the dye layer. 


Polar Relay 
W. D. Buckrvoname 
2,782,454—Janwany 24, 1956 
In a polar relay of the type described in 


Patent No, 2,732,458 below, the relay casing 
is composed of laminations which serve as the 


Cross-Talk Suppression 
J. E. Bovamtwoon 
2,782,431 January 24, 1956 


-step 
procedure. Overlapping by the leading edge 
of the wave is corrected by a phase shifting 


Facsimile Transmission System 
and Apparatus 


G. H. Rooms, J. H. Hackxxuens, R. J. Wise, 
G. B. Wormen, D. M. Zasersxar 


2,792,276— January 24, 1956 


A conductive pickup facsimile transceiver 
in which a balanced stylus mount is enclosed 
in a protective housing which automatically 
tilts upward when returned manually to 
starting position, at the same time causing the 
stylus to retract into the housing. Upon start- 
ing, the stylus and housing both drop auto- 
matically into scanning position, The carria 
is drawn along the length of the drum by 
cord which wraps around a reel driven bs 


auto- 
matically stops. Various other safety features 
ss well as circuitry and operating procedures _ | 
are described. s 


Polar Relay 
W. D. Bucxmonam 
2,732,458Jaxwany 24, 1956 


A polar relay embodying a contact assem- 
bly of one movable and three fixed elements 
all enclosed in an evacuated glass tube about | 
1/4 inch in diameter insertable into a cylin- 
ical space between the relay pole pieces. 
‘The magnetic armature is composed of a sin- 
tered combination of iron, tungsten carbide 
and other materials designed to impart hard- 
ness and good conductivity and is preferably 
in ball form arranged to roll on one contact 
element while oscillating between the other 
two. Bias is controlled by shifting the location 
of the permanent magnet. Various alternative 
assemblies are shown. 
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